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© Process for selecting and maintaining recombinant ONA in lactic acid bacteria. 



® Procedure for selecting lactic acid bacteria which contain recombinant DNA, and keeping said DNA stable, 
with the aid of a marker acceptable in foodstuffs for human consumption, which procedure is characterized in 
that a lactic acid bacterium which lacks one or two enzymes with sufficient activity and indispensable for lactose 
fermentation is transformed with a DNA fragment which, as a marker, codes at least for the enzyme or enzymes 
missing in said lactic acid bacterium and indispensable for lactose fermentation. Said DNA-fragment may also 
code for a function which imparts an improved or new characteristic to the lactic acid bacterium, for instance for 
the production of proteolytic enzymes, for insensitivity to bacteriophages, for bacteriocin production and/or 
bacteriocin immunity or for 0-galactosidase, a-amylase. chymosin or pepsin. 
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Procedure for selecting and keeping stable recombinant DNA in lactic acid bacteria 

The invention relates to a procedure for selecting lactic acid cacteria which contain recombinant DNA. 
and keeoinq said DNA stable, with the aid of a marker acceptable in foodstuffs. 

development of various host-vector systems makes it possib.e to use recombinant DNA .echnique 
in improving the characteristics of lactic ac.d bacteria wh.ch are used in V^T^^S^fSS 
fermentations and other foodstuff fermentations (see FEMS Microbiol. Rev. 46 (1987) 281-325. FEMS 
So I Tetters 44 (1987). 173-177). A number of improvements in which use is made of homologous and 
IX neT have already been described (see EP-A ***^ Ep - A -°- 22 ^ ° 
App S 87^)1378). indispensable to these techniques are selection markers wh.ch are used to selecr the 
baSerfum which has been modified in the desired manner. In addition, in many cases it ,s m» 
exert eTectn pressure on the genetically modified bacterium obtained in order to prevent the des,red 
mSficat'ns be'ng lost. This latter applies in part.cu.ar. but not ^ ' °^ ^i 
constituent of a recombinant plasmid which is capable of autonomous repl.cation .n the lact.c 

baC A r n ideal^iection marker satisfies, inter a,ia. the foi.ow.ng criteria: (i) it <^ 
and dominant selection; (ii) it is composed of well-defined, preferably homologous DNA; („.) ,t present the 
possS of being used on an industrial sca.e; and (iv) if it is used in lactic acid bactena .ntended for. for 
examole human consumption, it is completely foodstuffs-safe. 

H^erto only antibio'c-resistant markers, which satisfy merely the first of the above stated « 
been used in lactic acid bacteria. Major drawbacks in the use of said markers are the h.gh costs and the 
?aa that one or more antibiotics must aiways be present in the medium in which the bactena are cu.tivated. 
and this makes a direct application in the foodstuffs industry impossible. 

Therefore there is a considerable need for so-called foodstuffs-safe se.ect.on markers .which can be 
used in the construction of genetically modified lactic acid bacteria which can be applied in mdustr.al 

, Pr0C 2me' foodstuffs-safe selection markers which could be used in .actic acid bacteria have been 
desert such as bacteriophage-resistance. bacteriocin-resistance and the ability to produce proteinase^ 
Tnese^ar^ are. however, unsuitable for use in Industrie, processes because bacteriophage are 
u^bCnder p actica. conditions, the addition of bacteriocins is a costly business which 
legally PermLd. and proteinase-producing .actic acid bacteria cannot be recognized -n a simple way and. 
d in addition, are rapidly overgrown by mutants which do not produce any P r °^ as ° . 

In addition the possibility exists for using so-called auxotroph.c mutants wh.ch. .n contrast to me so 
call d p otlphic. w^d-tyoe strains, are incapab.e of optimum growth in media without sup^emen a on o« 
nutrients The genetic information for the synthesis of such nutrient(s) can be obta.ned by <™ mb ™«°"* 
^ques ^d be used together with or without a rep.icon. but preferab.y in conjunct.cn w.th gene(s) wh.ch 
,s giveTto mely nthesis'of desired proteins and* characteristics as a means of mainta.,ng se.ect.on 
Dressure on the genetically modified bacterium. _ « rt *; m „m 

Bemuse most wild-type lactic acid bacteria already need a large number of nutnents for opt.mum 
grovTu is noTsfmple to isolate such auxotrophic, mutant lactic acid bacteria. In industrial processes media 
a^ed in which Lie acid bacteria grow optimally and which are therefore .already - *ry >n ch , large 
« number of nutrients, which hampers a direct selection pressure to a co^eraWe ext nt. A johjon * 
comparable problems in Bacillus is presented by making use of a host wh,ch .s detaent -n ^ ^ement of 
the synthesis or mainteT^S^Tof the cell envelope, in this case D-a.an.ne. .n cwnjnrton w.th an 
extrachromosomal element which is able to suppress this requirement, in th.s case cod.ng , for the 0 . 
alantre racemase (EP-A-0. 185.5 12). There is. however, the question of what the s.gn.fcance .s <* **™» 
« £ me integrity of the cel. envelope of lactic acid bacteria, of whether lactic acid bactena have a D.L-a an ne 
l^of^er mutants can be obtained which are disturbed in the synthes, of 0 L -a^ .ne 
racemase. and;or of whether the autosynthesis of D-alanine is necessary -n growth on the complex med.a 
which are used for cultivating lactic acid bacteria. ferment 
An examp.e of an auxotrophic marker to which these .imitations do not apply -s the ab h^ to f e mem 
so .actose. Because .actose is the only fermentable sugar which is present in m.lk or media ft rive ^ 
.actic acid bacteria which have lost the ability to use lactose as an energy source (so-called lactose 
deliem iac- mutants) are unable to grow in these media. All the lactic acid bactena used .n the da, y 
industrv therefore have the ability to ferment lactose. 

The manner in which this lactose fermentation takes place has been described well m a umber of 
cases, in particular the manner in which the mesophilic lactic acid bacteria Streptococcus lacas ana 



EP 0 355 036 A1 



Streptococcus cremoris (recently renamed as Lactococcus lactis subsp. lactis and Lactococcus lactis 
subsp. cremoris. respectively; Syst Appl. Microbiol. 6 (1985) 183-195) ferment lactose to form a lactate has 
been well investigated and is reproduced in Figure 1. From this it must be deduced that the lactose 
fermentation in said lactic acid bacteria is a complex process which involves at least 19 different reactions 

s catalysed by enzymes. 

Genetic research has revealed that, in this group of lactic acid bacteria, the genes coding for the 
enzymes involved in the lactose fermentation are situated in many cases partly on the bacterial chro- 
mosome' and- partly on the extrachromosomal plasmid DNA. If the plasmid coding for genes which are 
involved in the lactose fermentation (so-called lactose plasmid) is lost from such a strain, the bacterium is 

io no longer capable of fermenting lactose. Such lac~*mutants can be obtained in a simple way by using 
plasmid-curing methods and can be distinguished in a simple way from a lac* strain (J. Bacterid. 54 (1983) 
1-9; Appl. Microbiol. 23 (1972) 1090-1096). 

Lactose plasmids can be transferred from a lac* to lac" strains with the aid of various genetic methods 
such as conjugation, transduction, protoplast fusion and transformation (Ant. van Leewenhoek 49 (1983). 

/s 257-282; Appl. Environ. Microbiol. 48 (1984), 252-259). In plasmid transfer with the aid of transduction, there 
is the possibility of a lactose plasmid being completely or partially integrated in the chromosomal DNA of 
the recipient lactic acid bacterium (Appl. Microbiol. 36 (1978), 360-367). 

It has been shown that, in L lactis C2, the genes coding for the iactose-specific enzymes. Enzyme H, 
Factor III and P-0-galactosidase (P-2-Gal). so-called lactose genes, are situated on an approx. 50 kb 

20 plasmid DNA (J. Bacteriol. 102 (1970). 804-809; Appl. Environ. Microbiol. 35 (1978). 592-600). Furthermore, 
there are indications that, in L. lactis strains, the tagatose genes coding for the enzymes of the tagatose-6P 
pathway, viz. galactose-6-P isomerase. tagatose-6-P kinase and tagatose- 1.6-diP aldolase, are also localized 
on a lactose plasmid DNA (J. Bacteriol. 153 (1983) 76-83). It is remarkable that the enzymes coded by the 
lactose and tagatose genes are not indispensable for a lactic acid bacterium because the fermentation of 

25 sugars other than lactose (and sometimes galactose), such as glucose, remains possible. The L lactis 
genes coding for P-0-Gal and tagatose-l.6-diP aldolase have been cloned in Escherichia coli (J. Gen. 
Microbiol. 132 (1986), 331-340; FEMS Microbiol. Letters 33 (1986), 79-83). while only the P-0-Gal gene has 
also been cloned and expressed in L. lactis (EP-A-0,228,726). 

It has been shown in L lactis NCDO 712 that the plasmid-localized genes of the lactose metabolism are 

30 possibly situated on an approx. 12 kb restriction fragment (so-called BcllB fragment) derived from the 
largest 56.5 kb plasmid pLP712 (J. Bacteriol. 154 (1983), 1-9). The same genes are situated on a deletion 
derivative of pLP712, the lactose miniplasmid~pMG820. which nevertheless still has a size of 23.7 kb (J. 
Gen. Microbiol. 132 (1986). 331-340). 

By introducing a plasmid vector incorporating the 12 kb BcllB restriction fragment containing the 

35 PLP712 lactose genes into a L lactis strain from which the lactose~piasmid has been removed, the ability to 
ferment lactose could possibly" be restored again. This method is described as possible in EP-A-O.1 57.441 . 
although no actual example of an implementation is provided. A problem in this connection is the size of the 
BcllB fragment which not only contains the three lactose genes but probably also three tagatose genes. 
Because a cloning factor including the selection marker is preferably as small as possible in view of 

40 manipulatability and copy number, the use of this large BcllB fragment in practise is not considered likely. 

The use of lactose-deficient lactic acid bacteria in which differing from the abovementioned mutants, 
only one or two of the lactose genes are mutated and which can be complemented with small, well-defined 
DNA fragments, is therefore to be preferred. 

45 

Description of the Invention 

The invention now provides a procedure for a marker acceptable and applicable in foodstuffs, in which 
procedure a lactic acid bacterium which lacks one or two enzymes with sufficient activity and indispensable 
so for lactose fermentation is transformed with a DNA fragment which, as marker, codes for the enzymes 
missing in said lactic acid bacterium and indispensable for lactose fermentation. , 

Two components are central in this invention; the lactose-deficient lactic acid bacterium and the DNA 
fragment coding for at least one or more enzymes of the lactose metabolism. 

The lactose-deficient lactic acid bacterium is incapable of fermenting lactose because said lactic acid 
55 bacterium either completely lacks one or two of the enzymes which are essential for fermenting lactose, or 
contains said enzyme or enzymes with the limitation that said enzyme or said enzymes has or have 
respectively insufficient enzymatic activity to convert lactose at the required rate, in addition it is desirable 
that, apart from the inability to ferment lactose, the said lactic acid bacterium does not differ from other 
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lactic acid bacteria which are used in industrial fermentation. The nature of the genetic def.ciency may be a 
deletion insertion or point mutation in the DNA coding for an enzyme which is involved .n the lactose 
metabolism Preferably the deficiency involves the lactose or tagatose genes. In particular, the Factor III or 
P-/3.Gal genes are very suitable because it is known that these code for relatively small, b.ochem.cally well 
characterized, intracellular, soluble enzymes. 

Said deficiency can be achieved in various ways, such as by conventional random mutagenesis with the 
aid of irradiation with ultraviolet light or treatment with mutagenic substances such as ethyl methanesul- 
fonate or nitrosoguanidine. Lactose-deficient mutants can also be obtained by means of transposon 
mutagenesis. Site-directed mutagenesis with the aid of recombinant DNA techniques can be used com- 
bined with the transformation systems described. A possibility in this connection is to replace the w.ld- ype 
aene with the modified lactose gene by means of integration in the DNA of the lactic acid bacterium. If the 
lactose gene to be mutated is localized on a plasmid. there is the possibility of replacing the w,ld-type gene 
with the modified lactose gene in vitro and reintroducing the lactose plasmid thus mutated into aj lactic ac.d 
bacterium Preferably, such a~m!n7pulation is carried out with a small lactose plasmid. The actose 
miniplasmid pMG820 is very suitable for this purpose. In addition, it is possible to integrate a lactose 
olasmid either before or after mutagenesis, in the chromosomal DNA of the lactic ac.d bacterium by 
making use of transduction. This technique also presents the possibility of transferring integrateo iactose 
genes from one lactic acid bacterium strain to the other. 

It is desirable for applications that the lactose-deficient lactic acid bacterium is a stable mutant m which 
back-mutation to a lactose-proficient phenotype occurs only with a very low frequency 

Preferably a Lactococcus or a Lactobacillus is used as lactic acid bacteria. It is known that bacteria of 
this type are suit able for use in various industrial fermentations and also that they ferment lactose according 
to the manner indicated in Figure 1. In addition, recombinant DNA techniques can be used m these lactic 
acid bacteria. In particular. Lactococcus lactis is very suitable owing to the use of this lactic ac.d bacterium 
in a large number of dairy fermentations in which lactose is the only fermentable sugar. 

The DNA fragment which is used in the lactose-deficient lactic acid bacteria as a marker has to cooe 
for the one or two enzymes which are absent from or have insufficient activity in sa.d lactic ac.d-bactenum. 
This means that said DNA fragment must contain the structural information for these one or two enzymes 
and also possibly expression signals which are necessary to achieve an expression such that wild-type 
fermentation of lactose is possible. Such a DNA fragment can be obtained by comp. ementing the said 
lactose-deficient lactic acid bacterium using host-vector and expression systems developed for lactic aod 
bSrVand other bacteria. A particular example of this is given in EP-A-O.228.726 which describes the 
stepwise cloning and expression in L. lactis of the pMG820-coded P-0-Gal gene. 

The lactose deficiency of the lactic^dd bacterium used determines the number and type of the genes 
i which code for the enzymes absent from said lactic acid bacterium and indispensable for the lactose 
fermentation Preferably, use is made of the lactose and tagatose genes. In particular, the genes which 
ode * '^tand , Factor ... can be used, which are small in size, can be isolated on usable restriction 
fragments and are able to complement those L lactis mutants which are defic.ent in the synthes.s of sa.d 

5 ^'hTsaid DNA fragment may also code for one or more functions which imparts or impart an improved 
or novel characteristic or characteristics to the lactic acid bacterium. Examples of this are the , structura. 
genes including expression and regulation signals which code for proteinases 

the lactic acid bacterium to decompose protein into peptides and/or ammo acids or for bactemphage 
resistant mechanisms, or for enzymes which affect the decomposition of citrate, or for enzymes ,nvoh*d no 

s bacteriocin production and/or bacteriocin immunity, or code for heterologous prote.ns such as the lactose 
hydrolysing 0-galactosidase. the starch-cleaving a-amylase or the milk-curdling chymosm. which may or 
mav not be secreted by the lactic acid bacteria. 

.n addition, the DNA fragment may contain a replicon which is functional in lactic ac.d 
which distributes the DNA fragment, if circularized, as an extrachromosoma. p.asm,d over the f*Wr* 

;o the .actio acid bacteria used. Such a DNA fragment may then be used d.rec y or ^^^ a ^^ 
which are obv,ous to anyone knowledgeable of the state of the art. as cl ° n ^. exp ess on or seer t on 
vector. Examples of readily usable rep.icons are those originating from the L lactjs plasm* «r the 
conjugate plasmid pAM*1 which can replicate with a high or with a low copy number ,n a large number of 

ss '^"^the complementary case where the DNA fragment does not contain a functional replicon. i^eritance 
can only be achieved if the DNA fragment is completely or partly integrated .nto a repl.con (either z . plasm.d 
or the chromosomal DNA) which is already present in the transformed lactic acid bactena. The eff.c.ency oi 
this occurrence is increased in general if. said DNA fragment also has ONA sequences wh,ch are 
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homologous with parts of said replicons already present. Integration into the bacterial chromosome also 
presents the possibility of amplifying the integrated DNA. Selection for this can be carried out in a simple 
manner if the DNA fragment used as marker, for example through the presence of weak expression signals 
can only result in wild type expression of the DNA. which codes for the complementary enzymes 
5 indispensable for the lactose fermentation, after amplification to a large number of copies. 

The combination of said lactic acid bacterium and DNA fragment should finally be chosen in a manner 
such that actual selection and stable maintenance of the DNA fragment can be carried out if lactose is 
present as the only fermentable sugar in the culture medium to be used. 

10 4 
EXPERIMENTAL PART 



Bacterial strains and plasmids used 

is 

The E.coli strains JM83 (Gene J9 (1982) 259-268) was used for the routine sub-cloning with pUC 
vectors. Fu7thermore. E.coli JM103 (Nucl. Acids Res. 9 0981), 309-321) was used for M13 cloning and 
E.coli MC1061 (J. Mol. Biol. 138 (1980) 179-207) for cloning using the vector pATl53 and pNZl2. Strain 
MGT363 is a piasmid-free derived strain of L.lactis NCDO 71 2 (J> Bacterid. 154 (1983) 1-9). Strain 

20 MG1820 is a derivative of MG1363 which contains the mini-lactose plasmid pMG820 (J. Gen. Microbiol. ]32 
(1986) 331-340). Both L.lactis strains originate from M.J. Gasson. AFRC Institute of Food Research, 
Norwich, U.K.). L.lactis Y2-5 is a Factor Ill-deficient mutant obtained by ethyl methanesulfonate mutagenesis 
of strain YP2. Llactis YP2 is a lactose-constitutive derivative of L.lactis C2 in which the plasmid-coded 
genes coding for the lactose metabolism are integrated into the chromosomal DNA with the aid of 

25 transduction (J. Bacterid. 49 (1982) 420-427, J. Dairy Sc. 67 (1984), 950-959). L.lactis Y2-5 originates from 
L.L. McKay, University of Minnesota. St. Paul. USA. 

The E.coli plasmid vectors pUC7 and PUC18/19 have a size of approx. 2.7 kb and code for ampicillin 
resistancelApR) (Gene 19 (1982). 259-268; Gene 33 (1985). 103-119). The E.coli vector pATl53 (Nature 
283 (1980). 216-218) is approx. 3.7 kb and codes for ApR and also for tetracyclin resistance (TcR). The 

30 MT3 vectors MplO and Mpl1 have been described (Nucl. Acids Res. 9 (1981). 309-321). 

The L.lactis plasmid vector plL253(Biochimie 70 (1988), parts 3~and 4) has a size of approx. 4.8 kb. 
codes for erythromycin resistance (Emr) and is a high copy-number derivative of the conjugative plasmid 
pAM01 (Appl. Environ. Microbiol. 52 (1986), 394-399) and originates from A. Chopin. INRA, Jouy-en-Josas. 
France. The construction of the 4.3 kb plasmid vector pNZl2 replicating, inter alia, in E.coli and lactic acid 

35 bacteria and coding for resistance to chloramphenicol (CmR) and kanamycin (KmR), has been described, 
as have pNZ32 (7.5 kb) and pNZ367 (8.3 kb) which both contain the L.lactis pMG820 P-jS-Gal, cloned in 
PNZ12 (EP-A-O.228,726). 



40 Manipulation of E. coli. S. lactis and DNA 

All the manipulations with E.coli and of DNA in vitro were carried out according to standard procedures 
(Molecular Cloning, A Laborato7y~Manual, Cold Spring Harbor 1982) and/or as described by the suppliers of 
the restriction and other DNA-modifying enzymes (Bethesda Research Laboratories and Boehnnger). 

45 Specific techniques for L.lactis , such as cultivation and media, plasmid isolation and protoplast transforma- 
tion, have been described (Appl. Environ. Microbiol. 48 (1984), 252-259); EP-A-O.228,726). M17 medium 
(Difco) supplemented with 0.5% lactose (LM17) or 0.5% glucose (GM17) were routinely used for cultivating 
L.lactis. In the stability experiments involving L.lactis , use was also made of a whey permeate (WP) medium 
which is composed of 5% ultrafiltered and dried whey containing 1.9% ^-glycerophosphate, 0.05% yeast 

so extract and 0.05% casein hydrolysate. This WP medium, which can be used in the dairy industry, contains 
lactose as the only fermentable sugar. Lactose-indicator agar (LIA) containing Elliker broth, lactose and the 
pH indicator bromocresol purple was used for the selection of lac* and lac" colonies as described (Appl. 
Microbiol. 23 (1972), 1090-1096). Complete cells of L.lactis , precultivated in M17 medium containing 40 mM 
D.L-threonine were transformed with the aid of a Gene Pulser Electroporator in electroporation buffer 

55 consisting of 25% sucrose, i M MgCl2 and 5 mM potassium phosphate buffer, pH 7.0, essentially 
according to the instructions of the supplier (Biorad) with a single electrical pulse of 6250 V/cm and a 
capacitance of 25 uF. 



5 
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Oet rmination of DNA nucleotide sequence and DNA synthesis 

Suitable restriction fragments were cloned with the aid of M13 vectors cloned in JM103 (Nucl. Acids 
Res. 9 (1981), 309-321) and the nucleotid s quence was determined with the dideoxy chain termination 
5 method (Proc. Natl. Acad. Sci. 74 (1977). 5463-5467). DNA oligonucleotides to be used as a primer for the 
DNA sequence determination or for the construction of mutations were synthesised according to the 
phosphoramidite method with the aid of a cyclone DNA synthesiser according to the manufacturer's 
instructions (New Brunswick Scientific). 

10 

Protein analysis 

Proteins were analyzed with the aid of SDS polyacrylamide gel electrophoresis (Nature 227 (1970). 680- 
685), followed by dyeing as in relevant cases with Coomassie blue. Determination of the NH 2 terminus of 
is blotted protein was carried out with the aid of a gas-phase sequencer (Applied Biosystems) as described 
(Eur. J. Biochem. 152 (1986). 9-19). Immunoblotting was carried out with the aid of rabbit antibodies in 
combination with peroxidase- labelled goat anti-rabbit antibodies as described by the supplier (Bethesda 
Research Laboratories). The activity of the P-jS-Gal was determined as described (J. Gen. Microbiol. 132 - 
(1986). 331-340). 

20 

EXAMPLES 



25 

Example 1 



Identification, characterization and cloning of the S. lactis pMG820-coded lactose genes. 

30 

The 4.4 kb Xhol fragment of the L. lactis mini lactose plasmid pMG820 contains the P-£-Gal gene (J. 

Gen. Microbiol. 132 (1986), 331-340; s"ee Figure 2A). The DNA sequence of this gene and about 2 kb of the 

upstream DNA have been determined and are shown in Figure 2B. In addition to an open reading frame m 

the position expected for the P-0-Gal gene, there are two open reading frames present in this upstream 
35 region. The following experiments support the conclusion that the first open reading frame (129-448) codes 

for the Factor lit lactose, the second open reading frame (450-2158) codes for Enzyme II lactose, and the 

third open reading frame (2262-3669) codes for the P-£-Gal: 

(i) the NH 2 termini of purified Factor III and P-0-Gal correspond to those derived from the DNA 

sequence of the first and last open reading frames; 
40 (ii) when cloned in E.coli. a DNA fragment containing the first open reading frame gives rise to the 

synthesis of a protein havingTsub-unit molecular weight of approx. 10 kD. which reacts with anti-Factor III 

antibodies; 

(iii) when cloned in E.coli , a DNA fragment containing the third open reading frame gives rise to the 
synthesis of an approx. 60 kD protein which has P-3-Gal activity; 
45 (iv) when analyzed in a so-called hydrophobicity plot (J. Mol. Biol. 157 (1982). 105-132). the amino 

acid sequence derived from the DNA sequence of the second open reading frame gives the transmembrane 
domains which are expected for an integral membrane protein such as Enzyme II; 

(v) both the nucleotide sequence of the DNA in all three open reading frames and also the derived 
amino acid sequence exhibit a high degree of homology with thos" of Factor III. Enzyme H and P-£-Gal of 
so Staphyloccus aureus (J. Biol. Chem. 262 (1987). 16444-16449). 

The lactose genes are followed by a possible intercistronic region of 231 nucleotides, after which a new 
open reading frame of no less than 700 nucleotides starts at position 3959 and probably codes lor the 50 
kD protein X, the existence of which has been demonstrated previously (J. Gen. Microbiol. ^3£ ( 1986 ^ 331 " 
340) and which possibly plays a part in the expression of the lactose genes. 



Example II 
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Complementation of an Llactis Y2-5 by a DNA fragment containing the pMG820 Factor III gene. 

The plasmid pMG820 was cut with the restriction enzyme BstEll, after which the restriction fragments 
produc d were blunted with Klenow polymerase. An approx. 4 kb fragment containing the complete Factor 
III gene and upstream regions was isolated and cloned in the Hindll site of the E.coli vector pUC7. The 
resulting plasmid pN230i was used as a source for isolating the Factor III gene with as few flanking DNA 
sequences as possible. This was carried out by isolating the Factor III gene as a 0.4 kb Ncol- Xmn l fragment 
(see Figure 2B) and after annealing it with T4 polymerase, cloning it in the Hindll site of the E.coli vector 
pUC7. The Factor III gene was isolated from the resultant plasmid pNX302 as a BamHI fragment and 
cloned in the BamHI site of the E.coli vector pUCl8. Two orientations were obtained, designated pNZ303 
and pN2304. ThTFactor III gene was isolated from pNZ303 as a 0.4 kb Xbal-EcoRI fragment and ligated 
with the 4.8 kb Xbal-EcoRI fragment of the L.lactis vector plL253 (Figure 3). The Factor III gene (0.4 kb) 
containing the Xbal-EcoRI fragment was likewise isolated from pNZ304 and ligated with the 4.8 kb Xbal- 
EcoRI fragment~"of ~plL253. Both ligation mixtures were transformed to L.lactis Y2-5. From both the 
transformation with the ligation mixture containing pNZ303 DNA and the transformation with the ligation 
mixture containing pNZ303 DNA, EmR colonies were obtained which appeared to contain the desired 
plasmids having a size of 5.2 kb. pNZ305 and pNZ306 respectively, the restriction map of which is depicted 
in Figure 3. However, only pNZ305 appeared to complement the lactose deficiency of the host Y2-5. The 
explanation of this resides in the fact that the isolated factor III gene does not contain its own promoter and 
therefore has to rely on an external promoter which can be cloned in the correct orientation in front of the 
gene which is already present in the vector sector in the construct pNZ305. As a result. L.lactis containing 
pNZ305 is capable of forming in-gellow colonies on lactose indicator agar and wild-type growth on media 
which contain lactose as the only sugar. 

L.lactis Y2-5 containing pNZ305 has been deposited with the Centraal Bureau voor Schimmelcultures 
(Central Office for Mould Cultures) in Baarn on 13 June 1988 under number CBS 416.88. 



Example III 

30 

Selection of S.lactis Y2-5 transformants containing pNZ305 without use of antibiotics. 

S.lactis Y2-5 was transformed with 1 ug of plL253, pNZ305 or no DNA. and lactose-proficient and/or 
erythromycin-resistant colonies were selected. The result shown in Table 1 indicates that comparable 

35 quantities of lac* EmR and EmR transformants were obtained with pNZ305 DNA but not with the vector 
plL253 DNA. Direct selection of transformants containing pNZ305 DNA also proved possible on LIA without 
an antibiotic. The background of lactose-proficient revertants (approx. 4 x I0 2 ^with no DNA or plL253 DNA) 
presented no great problems in this connection because, of the 6 x 10 2 lac* transformants obtained with 
pNZ305 DNA. 20% also proved to be EmR. Said lac* transformants proved to contain the pNZ305 plasmid 

40 DNA as was to be expected. Selection of lac* transformants on lactose indicator agar followed by a simple 
plasmid screening is thus adequate to obtain S.lactis Y2-5 transformants which contain the recombinant 
plasmid pNZ305 coding for, inter alia. Factor III, without using antibiotic-resistance markers. 



45 Example IV 



Stability of S.lactis Y2-5 containing pNZ305. 

so An overnight culture was made from an isolated colony of S.lactis Y2-5 containing pNZ305 in LM17 
medium containing 5'ug/ml Em. Through 1000 fold dilution hereof, three 10 ml cultures were prepared on 
LM17, WP and GLM 17. These were incubated at 30* C and diluted to 1000 every 10-14 hours in fresh 
medium of the same composition. 

The quantity of lac* and lac" and also of lac* EmR cells was regularly determined by plating out on 

55 LIA containing no or 5 ug/ml Em, or by streaking lac* or lac" colonies onto LIA containing 5 ug/ml Em. The 
result after 50 or 100 generations of growth in the various media indicates, as is shown in Table 2. that 
pNZ305 is unstable under non-selective conditions (glucose as sugar). The plasmid is stabilised, however, 
during growth under selectiv conditions (lactose as sugar), both in the LM17 broth and in the industrially 
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applicable medium WP. All the lac* cells furthermore prove to be EmR. from which it may be concluded 
that no gene conversion occurs from the chromosomal mutated Factor III gene to the plasmid-localised 
homologous copy, which would result in a lac* phenotype and piasmid loss under non- selective conditions. 
Finally, it is evident that the entire piasmid DNA is integrated in the chromosome if pNZ305 containing 
5 strain S.lactis Y2-5 is cultivated for 50 generations on a LM17 medium. Hybridisation experiments have 
indicated that in this case amplification to more than 25 copies of the entire piasmid DNA is achieved. 



Example V f 

10 

Construction of a deficient pMG820 P-0-Gal gene. 

An approx. 4.6 kb Clal (ClaC) fragment of pMG820 ONA was isolated and cloned in the E.coli vector 
is PAT153. Of the two orientations which were obtained. pNZ3lO and pNZ31l. PNZ310 proved to have the 
highest specific P-0-Gal activity because, in this construct, the P-jS-Gal gene is under the control of the anti- 
tet promotor of the vector. pNZ3l0 DNA was isolated and digested with Apal. a unique site situated in the 
structural P-0-Gal gene (see Figure 4). In the thus linearised pNZ3i0 DNA. a 21 bp synthetic DNA fragment 
(s-DNA) was cloned which consisted of double-stranded DNA in which the base sequence of the individual 
20 strands is as follows: 5-CGGGATCCGTCGACTAGGGCC-3 and 3'-CCGGGCCCTAGGCAGCTGATC-5 . 
Said s-DNA is chosen so that Apal sites flank the fragment, as a result of which it can always be removed 
by digestion with said enzyme, and so that it contains unique Sma l. Sai l and Bam HI restriction sites and 
finally so that it interrupts the reading frame of the P-£-Gal gene with a TAG stop codon. The resultant 
piasmid pNZ325 provides no P-/S-Gal activity in E.coli and contains the expected new Sma l. Sai l and 
25 BamHI sites. In addition, an active P-0-Gal gene can be obtained by digesting pNZ325 with Apal. followed 
bylransformation of MC1061 with the purified linear pNZ325 DNA. From this it is evident that, starting from 
the particular nucleotide sequence of the lactose genes, it is simple to obtain in vitro an inactivated lactose 
gene with site-directed mutagenesis. 

30 

CAPTIONS 

Figure l:Manner in which lactose is fermented by L.lactis to form lactate (according to FEMS 
Microbiol. Rev. 46 (1987), 221-231; Ant. van Leeuwenhoek 49 (1983), 209-224; Biochimie 70 (1988). Parts 3 
35 and 4). 

Figftre 2A:Restriction map of pMG820 indicating the position of the lactose genes. 
Figure 2B:Nucleotide sequence of those genes indicated in Figure 2A. 

Figure 3:Restriction maps of pNZ305 and pNZ306 composed of the vector plL253 and the L.lactis 
Factor lit gene. MCS indicates the multiple cloning site of plL253 which is composed of sites for. 
40 consecutively: Clal. Xbal. Xhol. Sad. XhoJ, Xbai, Clal. Hindlll. Pstl, Sail, BamHI. Sma l. EcoRI. The MCS of 
pNZ305 and pNZ306 (not shown) mostly originates from pUCl8 and is composed of Clal-Xbal- Bam HI- 
Smal-Kpnl-Sacl-EcoRi sites, the Factor III gene being inserted in the unique Bam HI site in the orientations 
indicated. 

Figure 4:Restriction map of pNZ3lO and pNZ325. s-DNA indicates the 21 bp synthetic DNA fragment 
45 containing the Apal-Smal-BamHI-Sall-Apal sites and the TAG stop codon as described in the text. 
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TABLE 1 

DNA TRANSFORMANTS per ml 

EmR Lac* EmR Lac* 

none < 10 1 A .0 x 10 2 < 10 1 

pIL253 1.1 x 10 2 4.5 x 10 2 < 10 1 

PNZ305 1.2 x 10 2 6.0 x 10 2 1.1 x 10 2 

Table 1: Transformation of S.lactis Y2-5 followed by selection of 
the gel lac* and lac* EmR transformants on LIA containing no or 5 
Ug/ml Ea and EmR transformants on GM17 agar containing 5 ug/ml Em 
transformants on LIA containing no or 5ng/ml Em. 



TABLE 2 



Medium 


Frequency of lac * & EmR colonies 


after 50 generations 


after 100 
generations 


Lac* 


EmR 


Lac" 


EmR 


LM17 

WP 

GM17 


> 99% 

> 99% 
35% 


> 99% 

> 99% 
35% 


> 99% 

> 99% 
< 5% 


> 99% 

> 99% 
< 5% 


Table 2: Stability of S.lactis Y2-5 containing 
pNZ305 grown for 50 or 100 generations on media 
containing lactose (LM17, WP) or containing 
glucose (GM17). 



Claims 

1 . Procedure for selecting lactic acid bacteria which contain recombinant DNA, and keeping said DNA 
stable, with the aid of a marker acceptable in foodstuffs for human consumption, characterized in that a 
lactic acid bacterium which lacks one or two enzymes with sufficient activity and indispensable for lactose 
fermentation is transformed with a DNA fragment which, as a marker, codes at least for the enzyme or 
enzymes missing in said lactic acid bacterium and indispensable for lactose fermentation. 

2. Procedure according to Claim 1 , characterized in that the lactic acid bacterium belongs to the type 
Lactococcus or Lactobacillus . 

3. Procedure according to Claims 1 - 2, characterized in that the lactic acid bacterium is a Lactococcus 
lactis . 

4. Procedure according to Claims i - 3. characterized in that the lactic acid bacterium used is. as a 
result of a deletion, an insertion or point mutation in lactose genes which are situated on the chromosomal 
DNA, deficient in the synthesis of enzymes having sufficient activity which are indispensable for the lactose 
fermentation. 

5. Procedure according to Claims 1 - 3, characterized in that the lactic acid bacterium used is. as a 
result of a deletion, an insertion or a point mutation in the lactose genes which are situated on plasmid 
DNA. deficient in the synthesis of enzymes having sufficient activity which are indispensable for the lactose 
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fermentation. 

6. Proc dure according to Claims 1 - 4, characterized in that the lactic acid bacterium used is deficient 
in the synthesis of a lactose-specific Factor III having sufficient activity and the DNA fragment at least codes 
for said Factor III. 

5 7. Proc dure according to Claims 1 - 3 and 5. characterized in that the lactic acid bacterium is deficient 
in the synthesis of a phospho-£-galactosidase having sufficient activity and the ONA fragment at least 
codes for said phospho-0-galactosidase. 

8. Procedure according to Claims 1 - 7, characterized in that the DNA fragment also codes for a 
function which imparts an improved or new characteristic to the lactic acid bacterium. 

io 9. Procedure according to Claim 8, characterized in that the DNA fragment also codes for the 
production of proteolytic enzymes such as proteinase(s) or peptidase(s), codes for insensitivity to bac- 
teriophages, codes against decomposition of citrate, codes for bacteriocin production and/or bacteriocin 
immunity or codes for 0-galactosidase. a-amylase, chymosin or pepsin. 

10. Procedure according to Claim 8 or 9. characterized in that the DNA fragment also contains a 
T5 replicon which is functional in the lactic acid bacterium used. 

11. Procedure according to claims 8-10, characterized in that the DNA fragment also contains a DNA 
sequence which is homologous with the DNA of the lactic acid bacterium used, as a result of which the 
entire DNA fragment or essential parts thereof is or are integrated into the DNA of said lactic acid bacterium 
and possibly amplified. 

20 12. Llactis Y2-5 containing pNZ305 deposited with the Centraal Bureau voor Schimmelcultures in 
Baarn, the Netherlands under number CBS 416.88. 
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10 

i 

1 TCGC7CCA6A 
ACCBAG8TCT 



L\ CTTETTSTTA 
CAACAACAAT 



121 CATATTBTT 
CTATAACAAC 



20 50 40 50 60 

| l I I I 

T6ACAAACAT 6ATC7CATA7 CACG6ACTTG 7TCCCACCT7 CCTTAACAAA 
ACTG7TTGTA CTAGASTATA 6TCCCTGAAC AAGCSTGGAA GGAATT&TTT 

NCOI 

AAACA6CTA6 7C*CATGGACT GA7AAA&TAT AST AAAAACA TAAAACGGAt 
777G7CCATC ASGTACCTGA CTATTTCATA TCA7TTTT6T ATTTTGCCTC 

. ACTOR BE ^ 
7QAACAGACA A6ACATCAC7 CTCT7A&GG7 TT&AAATTGT T&CTTAT&CT 
ACTT6TC7C7 TCTCTACT6A GASAATCCCA AACTT7AACA ACGAATACGA 



181 CGAGATGCTC GCTCTAAGCT TTTAGAAGCG C7TAAAGC&G CTGAAAATGG 7GATT7C6CT 
CCTCTACGAG CGAGATTCGA AAA7CTTCGC GAATTTC&CC 6AC77T7ACC ACTAAA6C6A 

2*1 AAC6CAGATA G7CTT6TAGT A&AA6CAG6A ACCTGTATTG CA&Afc&CTCA CAGTTCICAG 
TTCC6TCTAT CA6AACA7CA TCTTC6TCCT TC6ACATAAC 6TCTCCGA6T STCAA&AGTC 

501 ACAG6TA76T TGGCTCGAGA ACCTTCTCG& CAG6AACTTC CA7ACAG7GT TACT ATS ATG 
TGTCCA7ACA ACCGAGOCT TCGAAGACCC CTCC7T&AA& GTAT6TCACA A7GATACTAC 

561 CATGGTCAGG A7CACTT6AT GACTAC6ATC TTATTA AAAG AT6TGA7TCA TCACCTCA7C 
BTACCA6TCC TA6TGAACTA CTGA76C7AG AA7AATTT7C TACAC7AAGT A6TG6AGTA& 

FACTOR 7JT—-1 r— ENZYME H 

4,21 6AACTTTATA AAAGA6GAGC AAAGft*AA]77A [AT&lCAT AAAC TCAT7GAACT 
CT7GAAATA7 7T7C7CC7CG 7TTCA7TAAT TACGTA777G AGTAAC7TGA 
XMN I 

481 GCGAAA*CCAT 7CTTTGAGAA AATC7CTCGA AACA7CTATC TTC6TGC7AT 
CCCTTT^G67A A6AAACTCT7 TTASAGAGC7 77GTAGA7AG AAGCACGATA 

541 TTTATTGCTG G7ATGCCAGT CATCCTT77C 7CA7CTATCT T1MCCTT*T TKCUTOTC 
AAATAACGAC CA7ACGGTCA &TA&6AAAAG AGTAGA7AGA AATAGGAATA ACG6ATACA6 

401 CCA AATGCTT G6G&AT7CCA CTG&TCAAAA 6ACA77GAGA CCT7CT7GAT ^CTCCTTAT 
G67TTACGAA CCCCTAAG6T 6ACCAGT777 C7GTAACTCT G6AAGAACTA C76A6GAATA 

Ml ACCTATTC6A TG&G7A7CC7 AGCATTCT77 6TTG67GG7A CTACCGCTAA AGCTTTGAC6 
7C6ATAA6C7 ACCCA7AGGA TCGT AA6AAA CAACCACCAT GA7G6C6ATT TCGAAAC76C 

721 GACTCAAAGA ACCGTGACCT ACC7GCGACC A ATCAGA7TA AC7TC77ATC TAC6A7GC7A 
C76A67TTC7 T66CAC7SGA 76GACGC766 T7AGTCTAA7 TGAAGAATAG AT6CTAC6AT 



TATTGAGAAA 
ATAACTC7TT 



TC6TGATGGA 
A6CAC7ACCT 
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761 GC67C7A7GG TA6GG77CC7 T77GA7GGCA GC7GAGCC7G CAAAAGAAGG AGGCTTCTTS 
CGCAGA7ACC A7CCCAA&GA AAACTACC&T C6AC7C&6AC GTTTTCTTCC TCC6AAGAAC 

Bt1 ACA6CCT7CA TGG6AAC AAA ACGCC7777& ACA6CATTTA TC6CAGCCTT 7GT6ACA67T 
T6TCGGAAGT ACCCT7STTT 7CC66AAA AC 767C&7AAAT A6CG7CG6AA ACACT&TCAA 



W1 AA7G777A7A AAG7CTG7G7 A AAAAA7A A7 G77ACCA77C GTAT&CC7GA AGA7G77CCA 
77ACAAA7AT 7TCAGACACA T77777A7TA CAA7GG7AAG CA7ACG&AC7 7CTACAAGG7 

%1 CCAAA7ATC7 C7CAAC7 A77 7AAGGAC776 A77CCGT7CA CCC7A7CAGT 7G77C7CC7A 
GG77TA7AGA GAGT7CA7AA A77CC7GAAC 7AAGGCAAG7 GGCA7AG7CA AC AAGA&GA7 

1021 7A7GCAC77G AACTCC7 T&T 7AAGGGAAC7 C7TC&7G7AA C7GT7GCA&A A7CAATCG&7 
ATACC7&AAC T7GA&GAACA AT7CCC77GA &AACCACAT7 5ACAACG7C7 7AG77AGCCA 

4011 ACCC77A77G C7CC7C7777 C7CAGC7GCA GATGGT7ACC 77GGAA77AC ACT7A7C7TT 
T66GAATAAC GAGG AGAAAA GAG7C6ACGT C7ACCAA7GG AACC77AA7G 7GAATAGAA A 

11M GC7GC77A7G CC7TC77C7G G777&T7GG7 A77CACGG7C C77C AA7TG7 CGAACCAGC A 
CCACGAATAC GGAAGAAGAC CAAACAACCA TAAG7GCCAG GAAG77AACA GC7TGG7CGT 

1201 A7CGC7GC7A 7CAC7TA7GC CAATA7C&A7 G7CAAC77GC A7C77A7CCA ACC7GGAC A A 
7AGC&ACGA7 AG7GAATACG GTT A7AGC7A CAGTTGA ACG 7A6AA7A&67 7CGACC7G7T 

12M CA7GCAGA7A AAG77 A7CAC T7C7GGTAC7 CAAATG7TT A T7GC7ACCA7 G&&7GGAACA 
G7ACG7C7AT T7CAA7AG7G AAGACCA7GA &7T7ACAAAT AACGA7GG7 A CCCACC77GT 

1321 CGAGC7ACAT 7GA7TGT7GC A7TC77GT7C A7G7GGA77T G7AAA7C AGA TC&7AACCGT 
CC7C6A7GTA ACTAACAAGG 7AAGAACAAG 7ACACCTAAA CA777AG7C7 AGCATT'VsCP. 

1581 GC r AT-GGAC G75CC7C ACT TGT7CCAA:A. TTCTT7GG&G T7A ATGACCC AA7C7TATT7 
CGGTASCC7G CACGGAG7C A A.CAAGST7&7 AAGAAACCCC AA7TAC7CGG 77A6AATAAA 

1U1 GGTGCACCAA TCGTA77GA* 7CCGATT77C T77GTACCGT 7CAT7T7CGC 7CCGAT7GTC 
CCAC&7G&77 AGCATAACTT AG&C7AAAA6 AAACATGGCA A&7AAAA&C& AGGC7AACA& 

«01 AACGT7TGGA 7CT7TA AA77 CTT7G7T&AC ACA7T6AACA 7GAAC7CA77 OTC7GCCAAC 
77GCAAACC7 AGAAATT7AA GAAACAAC7G TGTAAC1767 AC77&A&7AA GA&AC&677G 

ISM C77CCA7AGG 77ACTCC7G6 7CCG77G6GA A77&7AC7CG G7AC7AAC7T CCAA&77C7A 
6AA667ACCC AA75A66ACC A66CAACCC7 TAACA7GAGC CA76A77GAA G6T7 CAAGAl 

U21 7CA777A7C7 7A6CCGGAC7 C77G67A&77 CT7GA7AC7A 7CA777A77A CCCAT77&77 
AG7AAA7AGA A7CGGCC7GA GAACCATCAA CAAC7A7QA7 A67AA A7AAT &G67AAACAA 

1681 AA&GTA7 ACG A7GAACAAA7 7C7TGAAGAA GAACG7TC76 67AAAACAAA C6A7GC7C7T 
77CCATAT6C TACT7&777A AGAAC77 C77 C77&CAA6AC CAT7TTG7TT 6C7AC6AGAA 

1741 AAAGAAAAAG 7AGC7GCAAA CT7CAA7AC7 GC7AAAGCAO A7GCCG77C7 7GGAAAAGCA 



EP 0 355 036 A1 



1801 GACATTGGTA AA6AAGA7A7 A6CAGCAAAC AA7AATATCA CAAAA6AAAC TAATGTCCT7 
C7SCAACGA7 TTCTTCTACA 7CGTCG7776 TTATTATA6T GT7T7C7T7G A7TACAGGAA 



1861 GT7C77T57G CAGG7G6AGB 7ACAAG7GGC 77GC77GCCA 67GCCTTGAA CAAA6CACCA 
CAA6AAACAC G7CCACC1 CC A7GT7CACCS AAC6AACGG7 TACG6AAC77 G777CG7CG7 



19Z1 6CAGAA7ACA A7A77CCAG7 GAA6GCG6CA CCGG6TG67T ACG67GC7CA CCG7GAAA76 
CG7CTTA7G7 7ACAA6G7CA GT7CCGCCGT CGCCCACCAA 7GCCACGAG7 G6CAC7T7AC 



1»81 77GCCA6AG7 T7GAC77GG7 AA7CT7GGC7 CCACAG67CG C77CAAAC77 CGA76A7A7G 
AACGG7C7CA AAC7GAACCA T7AGAACCGA GGT6TCCAGC GAAGTTTGAA 6C7AC7A7AC 



20*1 AAGGC7GAAA CAGATAAA77 GGGCA7TAAA C7TGTAAAAA C7GAAGGAGC 7CAA7A7A7C 
TTCC5AC7T7 GTCTATT7AA CCCG7AA777 6AACA7777T GAC17CC7CG A677A7A7AG 

ENIYMEU 1 

2101 AAA77GACAC 6TGACGCACA AGG7GC7C77 GCAT77G7TC AACAACA6T7 76A7lfAAl7AA 
TT7AAC767G CACTGC C7GT 7CCACGA6AA GG7AAACAAG T7GT7G7CAA AC7AA7TAT7 



Z161 AT77G7AAAA G77A7776AG AC6AGA7CAC 7CAT7CCA77 TCC77GCT7T TCAGAACACA 
TAAACATTT7 CAA7AAAC7C 7GC7C7AGTG AGTAAG67AA A5GAACCAAA AG7C77G767 

P>P-ft-GAL 

2221 6AA7CTCG7C 7CAAA7GC77 7T777GAAAG 6AC77ACAC7 7fA7G)AC7AAA ACAC77CC7 A . 
C77A&A6CAG A6777AC6AA AAAAAC777C C7GAA767GA A7AC7GA77T 7G7SAAGGAT 

2281 AAGATTT7AT T77TGG7G&T GC7ACAGC7G C77A7CAAGC AGAAGG7GC A ACTCAC ACAG 
77CTAAAA7A AAAACCACCA CGA7G7CGAC GAA7AG77CG 7CT7CCACG7 T&AG7&7G7C 



2541 A7GG7AAGGG CCCAG7AGCA 7GGGA7AAG7 A7C77GAAGA CAA77A77&& 7A7ACAGCAG> 
TACCA77CCC GGG7CATCGT ACCC7A77CA 7AGAAC77C7 G77AA7AACC A7A7G7CG7C 



2*01 AACCT6CAAG TAAT7777AC CA7AAA7ACC CA&T7GA77T AGAA77AGC7 GAAGAA7A76 
T7G6AC6T7C ACTAAAAA7& GTA7TTAT6& GTCAACTAAA 7C7TAA7CGA CTTCTlfttAC 



24i&1 GTGTTAA7GG 7ATTCG7A7T TCTAT7GCC7 GG7C7C67A7 777CCCAACG GGT7AC&&7G 
CACAA77ACC A7AAGCATAA AGA7AACGGA CCAGAGCATA AAAGGGTTGC CCAAT&C.CAC 



2521 AAGTAAATGA AAAAGC7G7T GAAT7C7ACC A7AAAC7A77 7GC76AA7GC CACAAGCG7C 
T7CAT7TAC7 TT77CCACAA CT7AAGATOG 7A777GATAA ACGAC77ACG GT5T7CGCAG 



2SB1 A7G7TGAACC AT7TGTGAC7 77GCA7CATT 77GACACACC AGAAGC7CTT CA7TCAAKTG 
7ACAAC7766 7AAACAC7GA AACGTAG7AA AAC767G7GG 7C77CGA&AA G7AAG777 AC 



Zbk\ GAGA7TTC77 AAACCGCGAA AA7ATAGAAC ACTTTATAGA 7TATGCCGCT 77C7GT77T& 
C7C7AAAGAA 7TTG6CGC77 T7ATA7C77G 7GAAA7A7CT AATACGGCGA AAGACAAAAC 



2701 AAGAG7T7CC AGAAG7AAAC TAC7G6ACAA CT7TCAA7GA AA77 GGCCCA A77GG7GA7G 
77C7CAAAGG TC77CA77TG ATGACCT&TT GAAAGTTAC7 TTAACC6GG7 TAACCAC7AC 
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276* G7CAATAC77 6G7TGGTAAA T7CCC7CCAG GCATTAAATA TGATCTTGCC AAA6TCT7CC 
CAGTTA7GAA CCAACCATTT AA666A66TC *CGTAA7TT AT AC7AGAAC6G 777CAGAAGG 



2821 AATCACACCA CAACA7GA7& G7CTC7CA7G CACG7GC767 AAAA7TG7A7 AA&GATAAA& 
TTAG767S67 GTT6TACTAC CAGAGAGTAC GTGCACGACA TT77AACA7A 7TCC7A777C 



2881 GT7ATAAAGG 7GAAA77G67 GT7GTTCATG C777ACCAAC TAAATACCC7 TA7GA7CC6G 
CAATA7TTCC AC7T7AACCA CAACAA6TAC GAAA7GGT75 A7T7ATGG6A ATAC7AGGCC 



2941 AAAA7CCAGC AGA7G77CG7 GC7GC7GAAC 77GAAGACAT CA7CC A7AAC AAA77TA7C7 
7T7TAG6TC& 7C7ACAAGCA CGACGAC77G AACT7CTGTA G7AGGTA77G T7TAAA7AGA 



3001 TGGATGCAAC C7A7CT7&GG CAC7A7TCA& A7AAAACAAT C&AAGC7G7C AACCA7A7CC 
ACC7AC677G GA7A6AACCC G7GA7AA6TC 7A77T76C7A CC7TCC ACAG 77&67ATA&& 



5061 TAGC7GA6AA T6GTGGAGAA C77GA7CT7C G7GA7GAA&A CT7CCAAGC7 C77GACGCAG 
ATC6ACTCTT ACCACC7CTT GAACTA6AAG CAC7ACT7C7 GAAG6T7CGA GAAC7GCGTC 



3121 CTAAAGA777 GAA7GATT7C C776G7A7CA AC7ATTACA7 GAG7G ATTGG ATGCAAGCT7 
6ATT7C7AAA C77 ACTAAAG 6AACCATAGT 7GATAATG7A C7CAC7AACC TACG77CGAA 



3181 T7GA7GG7GA GAC7GAAATC AT7CAC AA7G G7AAGGC7GA A AAAGGAAGC 7C7AAGTACC 
AACTACCAC7 C7GACT7TA& 7AAGTGTTAC CA77CCCACT TTT7CC7TCG A6A7TCA7CG 



32M AAA7TAAC66 TCTTG&TC&T CGA&TA&CTC C7GAC7A7G7 7CC&C6CACA GACTG6GA77 
T77AA77CCC ACAACCAGCA 6C7CA7CGA6 GACT6A7ACA AGGC&CG7&T CTGACCCTA A 



3101 G6A77A7T7A 7CCTGAAGGC TTGTAT6ACC AAA7CA7GGG AG7GAAAAA7 GA7TATCCGA 
CC7AATAAA7 AGGAC7TCCG AACA7AC7GG TTTAQTACGC 7CAC7T7TTA CTAA7AGGC7 



3361 AT7ACAAGAA GA77TACATC AC7GAAAACG G7CTC66ATA CAAAGA7GA6 7TTGTA&ATA 
TAAT677C77 C7AAATGTA6 T5AC7777GC CA6AGCC7A7 G77TCTACTC AAACA7CTA7 



3*21 A7AC7G7T7 A 7GA76ATG&7 CG7A77GA77 AC67GAAGCA ACACT7GGAA G7TTTATCAG 
7A76ACAAA7 AC7AC7 ACCA 6CA7AAC7AA 76CACTTC&T 7G7GAACCTT CAAAATAG7C 



5A81 ACGCGA77GC GGA7GGT6CA AA7GT7AAAG G7TAC77CA7 TTGGTCAC77 A7G&AC67T7 
7GCGC7 AACG CC7ACCAC67 77ACAA777C CAA76AAG7A AACCA6TGAA TACC7GCAAA 



35^1 TCTCA7GG7C A AA7G&TTAT G AAAAACGT7 AT66AT7GTT CTATGTA&AC T776A7AC&C 
AGA67ACCAG 7TTACCAA7 A C7T77TGCAA 7 ACCTAACA A GATAC A7C75 AAAC7A7&C& 



3601 AAGAACGC7A 7CPTA AGAAA 7CAGCACA77 GGTATAAGAA A77A&CAGAA AC7CAAG7GA 
77C77GCGA7 AG6AT7C777 AG7CGTGTAA CCA7A77C77 7AA7C6TCT7 TGAGT7CAC7 
P-/3-GAI--J 

3661 TAGAGl7AAt7A 7CACC76AGA A7G7A A7AA7 776T7ATC76 AT7T7TAGAT CAGGC77 TGA 
A7CTCAT TA7 A&r&GACTCT TACA7TA7TA AACAA7AGAC TAAAAA1C7A GTCCGAAAC7 
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3721 AAA6GTATAT ATTATTAAT7 TCGAA6ATT6 JCCTATAATT CCTGAGC7TG AA&CTACC7C 
TTTCCA7 ATA TAATAATTAA AGCTTC7AAC AG6ATATTAA GGACTCGAAC TTC&AT&&A& 



37B1 ACTACAAAAT GTAGTAACTS GTAT&TTTCA CCTGGAAAAG AAA6GA777G CCATTC76AT 
T6AT6TTTTA CATCATTGAC CATACAAA6T GGACCTTTTC TTTCCTAAAC GGTAAGACTA 

5tM TTAGCATTAT CCGAA7 TTGA ATG&6AAGTT T7ACAATTAC TCGA7GTA&C AATA767GAG 
AA7CGTAATA GGCTTAAAC7 TACCCTTCAA AATGT7AA7G AGCTACATCG 77A7ACAC7C 

5901 ACTGT7CAC7 TCGA6GTAGA 7TATTTGCC7 TTCCAATAAC AAAAAGAAAG GAA776AC7& 
TGACAAGT6A AGCTCCA7CT AATAAACG6A AAG&TTATTG TTTT7CT77C CTTAACTGAC 

59i1 TgACTATCGA ATTAAAAAAC GAGTA7C7TA C&GT7CAGTT TAAAACAC7T CiTGGTCAAC 
AC7GATA6C7 TAATTT7T7G CTCATAGAA7 GCCAAGTCAA ATTT7GT6AA CCACCA67TG 

<i021 TGACTTCGAT TAAAGACAAA 6ATGG&T7AG AATATCTCTG GCAAGCTGAT CCA6AGTATT 
ACTGAA&C7A ATTTCT GTTT C7ACCCAA7C 7TATAGAGAC C&TTC&ACTA 66TC7CATAA 

40»1 GGAATGGACA GGCACCAA7T C7A7TTCC7A TCTG7G6TAG 77TAC6TAA7 GATTG&GCTA 
CCT7ACCTG7 CCG7G67TAA 6ATAAAGGAT AGACACCATC AAATGCATTA CTAACCCGAT 

Mlk* TTTATAGACC 7CAAGAAAGA CCT7TT7TTA CAGC7CTAA7 7C&TAGACA7 GGTTTT&T7C 
AAA7ATCTG6 AG7TC7TTC7 &GAAAAAAA7 G7CCAGA7TA AGCATCTGTA CCAAAACAAG 

4201 GAAAAGAAGA ATTTACTCT7 GAAGAAGTTA ATGAAAATA& C6TGAC77TC A6TA7TAAAC 
CTT7TCTTCT TAAATGAGAA CTTCTTCAA7 TACTTT7ATC GCAC7GAAAG KATAATTTG 

<i261 CAAA7GC7GA GAT6CTTGAT AATTACC7TT ATCAGTTTGA ACTAAGAGT7 GTTTATACCT 
6TT7AC6ACT CTACGAACTA TT A AT 66 AAA TAGTCAAACT TGATTCTCAA CAAATAT66A 

1,321 TAAATGG6AA ATCCATTAGA ACCGAGTT7C AGGTAACGAA CTTGGAAACT GAAAAAACGA 
ATTTACCCn TA6GTAATCT T6GCTCAAA6 TCCAT7GCTT GAACCT7TGA CTTT7TTGCT 

*i81 T6CC77ACTT CATTGGAGCC CATCCAGCAT TCAATTGTCC TTTAGTAGAA GGCGAAAA&T 
ACGGAATGAA GTAACCTCGG GTAGG7C6TA AGTTAACAG& AAATCATC7T CCGCTTTTCA 

4461 ATGAGGACTA TTCTCTT6AA 7T7AGT6AG6 TTGA6TCTTG TTCGATACCA AAGAGTTTCC 
TACTCC7GAT AAGAGAACTT AAA7CAC1CC AACTCAGAAC AA6CTATGGT TTCTCAAAGG 

fcSM' CTGAGACA6G GTTATTAGAT TTACAA6ATC GGACGCCATT TTTGGAAAAC CAAAAGTCTC 
GACTCT6TCC CAATAATCTA AATGTTCTAS LCTGC&GTAA AAACCTTTTG &TTTTCA&AG 

1.511 TTGATTTG&A TTACTCACTT TTT7CTCAT6 ACGCCATTAC ACTTGACC6A CTGAAATCTC 
AACTAAACCT AA1GAGTGAA AAAA&AGTAC T6CGGTAAT6 TGAACTGGCT GACTTTA&A6 



<<621 GCAGCGTGAC ACTTCGCTCG ACCGATGCCC TT6AGAGCC 
C6TC6CACT6 TGAA6CGAGC TG6CTAC6G6 AACTCTC&& 
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